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Abstract 

Aim: Anthracycline-induced cardiotoxicity is the most frequent dose-limited toxicity. There has been numerous hypothesis about this matter. As an indicator 
of platelet size, mean platelet volume (MPV) is correlated with platelet reactivity, aggregation, and long-term atherosclerosis. We aimed to study whether the 
anthracycline triggers the elevation of MPV. Material and Method: Patients who had breast carcinoma and received anthracycline-based chemotherapy for only 
adjuvant setting were included. Age, disease stage, history of diabetes mellitus (DM), hypertension (HT) and body mass index (BMI) were recorded. Patients 
with systemic inflammatory rheumatic disorders, the symptoms of infectious diseases, cytopenia after the chemotherapyand, BMI over 40 and metastatic 
disease were excluded. Blood samples were collected for initial MPV value and after four cycles of adjuvant anthracycline treatment. Statistical significance 
of the associations was analyzed using Pearson correlation, Student’s t, ANOVA tests and Wilcoxon signed-rank test. Results: Three hundred operated breast 
cancer patients were recruited in this study. Mean age was 49.1 (20-77). There was no significant correlation between age and initial MPV (r=-1.111, p= 
0.056) or between BMI and initial MPV (r=0.023, p=0.697). Stage, DM, and HT did not affect initial MPV levels. Initial median MPV was 9.1 (6.2-12.8), and the 
last median MPV was 9.2 (6.1-12.9). According to Wilcoxon signed ranks test, positive ranks were found in 151 patients (p=0.003, Z=-3,002, based on positive 
ranks) after anthracycline therapy. Discussion: Anthracycline causes elevation in MPV value which is a marker of thrombocyte reactivation and atherosclerosis. 
This might be responsible for the possible long-term cardiotoxicity of anthracyclines. 
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Introduction 

The mechanisms of the antiproliferative and cytotoxic effects 
of the anthracycline antibiotics are DNA synthesis inhibition, 
free radical formation, DNA binding and alkylation, cross-link- 
ing, interference with DNA strand separation, direct membrane 
damage via lipid oxidation, and inhibition of topoisomerase II 
[1]. Anthracycline-induced cardiotoxicity is a dose-limited tox- 
icity, and it presented classically with congestive heart failure 
vascular toxicity, and rarely as acute cardiotoxicities, such as 
electrocardiogram changes, arrhythmias, pericarditis and myo- 
carditis syndromes [2]. Since there are no known effective pro- 
tective agents and it leads to irreversible toxicity, it is managed 
based on preventive strategy according to cumulative dose. 
Also, it was known that increasing age is associated with in- 
creased risk of doxorubicin-related cardiotoxicity [3]. 

Although multiple mechanisms have been proposed for anthra- 
cycline-induced cardiotoxicity, it remains unclear which of these 
are effective in clinical context since most of the studies are on 
animals or in-vitro studies. Known mechanisms of the anthra- 
cyclines-induced cardiotoxicity are based on produced oxida- 
tive stress with membrane damage via lipid peroxidation, and 
inactivation of nitric oxide synthase. This ultimately leads to 
myocyte cell death even within hours after the anthracycline in- 
fusion according to human studies and cardiac remodeling de- 
velops with changing the extracellular matrix in the long-term 
[4-6]. Also, suppression of DNA, RNA, and protein synthesis 
triggers the cardiac sarcopenia, apoptosis, and necrosis in the 
heart tissue as in cancer cells [7]. On the other hand, decreased 
beta-adrenergic receptor stimulation after the anthracycline 
infusion contributes to decrease in the cardiac contractility [8]. 
Other explanations of cardiotoxicity have been proposed as 
some mediators such as platelet-activating factor, thrombox- 
ane A2 (TxA2), adenosine diphosphate (ADP), prostaglandins, 
histamine, and calcium according to in vivo and rat studies [9]. 
Mean platelet volume (MPV) is a significant marker showing a 
platelet activation. Larger platelet size is associated with more 
platelet function and activation which plays a crucial role in 
the pathophysiology of atherosclerotic disease and ultimately 
long-term cardiotoxicity. Thrombocyte activation and aggre- 
gation leads to proliferation and migration of smooth muscle 
cells from the media to endothelium in early stages of athero- 
genesis [10-12]. In this regard, we aimed to study whether the 
anthracycline-based chemotherapy triggers a higher MPV that 
indicates the platelet activity. 


Material and Method 

This retrospective study was designed to evaluate whether the 
anthracycline chemotherapy leads to platelet activation as- 
sessing through the measurement of MPV. A total of 300 oper- 
ated breast cancer patients recruited in this study. All patients 
received anthracycline-based chemotherapy and were treated 
in the Gaziantep University Department of Medical Oncology 
between September 2011 and June 2016. The protocols were 
reviewed and approved by the Independent Ethics Committee 
of Gaziantep University Hospital.Patients were eligible for the 
study if they were over 18 years old, female, diagnosed with 
pathologically confirmed breast carcinoma, and received an- 
thracycline-based chemotherapy for only in adjuvant setting. 


Other eligibility criteria were; an Eastern Cooperative Oncology 
Group (ECOG) performance status of O-1, adequate hemato- 
logic and biochemical function, patients without hematologic 
disorders and without other malignancy, patients who did not 
receive any chemotherapy before.Patients with systemic in- 
flammatory rheumatic disorders, the symptoms of infectious 
diseases (high C-reactive protein or white blood cell [WBC)), 
missing measured MPV before and after chemotherapy, cyto- 
penia after the chemotherapy and body mass index (BMI) over 
40, more than two times of upper limit of ALT and metastatic 
disease were excluded. Age, disease stage, history of diabetes 
mellitus (DM), hypertension (HT) and BMI were recorded. HT 
was defined as history of HT and/or systemic blood pressure 
measurements exceeding 140/90 mmHg. DM was defined as 
history or presence of diabetes and/or a fasting plasma glucose 
level higher than 7.0mmol/| (126 mg/dl) on two separate occa- 
sions, or a random glucose value of more than 11.1mmol/I (200 
mg/dl) before administered anthracycline. BMI was calculated 
by dividing the weight in kilograms by the height in meters 
squared. Obesity was defined as BMI of 30 or greater. Due to 
retrospective design, we could not reach the history of smoking 
and lipid profile. 

In all patients, blood samples for complete blood count anal- 
yses were collected in 3.0 ml tubes containing ethylene dini- 
tro tetraacetic acid (EDTA) and evaluated within 30 minutes 
before every administration of the anthracycline. Initial MPV 
values and initial WBC of all patients were recorded. Also, last 
platelet count and MPV values were noted after four cycles of 
adjuvant anthracycline treatment.All patients received intrave- 
nous (IV) 60 mg\m2 doxorubicin with 600 mg\m2 cyclophos- 
phamide once every three weeks or IV 60 mg\m2 doxorubicin 
with 600 mg\m2 cyclophosphamide once every two weeks for 
four cycles.All statistical analyses were performed using SPSS 
version 16.0. MPV levels before first chemotherapy cycle and 
after the last chemotherapy cycle were recorded as continuous 
variables. Continuous variables were presented as mean+SD 
and compared using independent sample t-test between two 
groups. One-way ANOVA was used to compare three groups. 
Pearson correlation test was used to assess the relationship be- 
tween two variables. Comparisons between parameters before 
and after anthracycline therapy were tested with the Wilcoxon 
signed-rank test. All P values were reported as two-tailed, with 
an accepted significance at less than 0.05. 


Results 

Three hundred operated breast cancer patients were recruited 
in this study. Mean age was 49.1 (20-77). There was no signifi- 
cant correlation between age and first MPV (r=-1.111, p=0.056). 
Respectively 9% (n=27), 42.7% (n=128) and 48.3% (n=145) 
of patients were stage |, II and Ill. There was no statistically 
significant difference between three groups according to first 
MPV levels. Stage | mean MPV was 9,46+1,27, stage 2 mean 
MPV was 9,23+1,23, and stage IIl mean MPV was 9,25+1,04 
(p=0.568). There were 40 (13.3%) patients who have DM. First 
MPV of the patients with and without DM was 9,45+1,18 and 
9,228+1,145 respectively (p=0.258). There were 20 (6.6%) pa- 
tients who have HT. First MPV of patients with and without 
HT was 9,57+1,6 and 9,23+1,1 respectively (p=0.203). BMI 
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of 163 (54.3%) patients was under 30, and 137 (45.7%) were 
over 30. First MPV of patients with BMI under and over 30 was 
9,22+1.17 and 9,29+1,13 respectively (p=0.633). There was no 
significant correlation between BMI and first MPV (r=0.023, 
p=0.697). 

Initial median MPV was 9.1 (6.2-12.8), and last median MPV 
was 9.2 (6.1-12.9). According to Wilcoxon signed ranks test, 
positive ranks were found in 151 patients, and negative ranks 
were found in 149 patients P value was 0.003 (Z value:-3,002) 
based on positive ranks. 


Discussions 

The most common known vascular cardiotoxic agents are an- 
ti-metabolites (5-fluorouracil) and the anti-tumor antibiotics 
(bleomycin, doxorubicin). These agents affect not only tumor- 
associated endothelial cells but also endothelial cells of other 
tissues. This causes vascular toxicity such as pulmonary veno- 
occlusive disease, hepatic veno-occlusive disease, myocar- 
dial ischemia and infarction, cerebrovascular attacks, venous 
thromboembolic events [13]. Activation of coagulant factors, 
endothelial dysfunction, stimulation of fibroblasts and increase 
in levels of prothrombotic microparticles originating from en- 
dothelial cells or platelets could cause the direct vascular dam- 
age after the administration of anticancer drugs [14]. Biomark- 
ers rise such as troponin-T, troponin-l, brain natriuretic pep- 
tide (BNP) and inactive amino-terminal pro-BNP (NT-pro-BNP) 
and phosphorylation of the histone H2A variant H2AX (termed 
y-H2AX) is sensitive in detecting early asymptomatic cardiotox- 
icity in order to guide imaging assessment [15-17]. However, 
platelet activation has been not studied as a biomarker in the 
pathogenesis of chemotherapy-induced vascular toxicity and 
atherosclerosis in a humans study, until now. We, for the first 
time, evaluated the effect of doxorubicin on platelet reactiv- 
ity through elevation of MPV after the chemotherapy in breast 
cancer patients. And we showed that anthracycline triggered an 
elevation in MPV. 

Platelets play a crucial role in the pathogenesis of atheroscle- 
rosis and acute myocardial infarction (MI). Young platelets are 
characterized by an increased platelet volume, and more reac- 
tive platelet activity metabolically and enzymatically. They can 
lead to more platelet adhesion, aggregation, and acute vascular 
events. As an indicator of platelet size, MPV is correlated with 
platelet reactivity and aggregation [18]. Increased MPV is an 
independent risk factor for MI, stroke, and mortality from coro- 
nary artery disease and it has a poor prognosis after the MI 
and the coronary artery intervention especially patients with 
DM and HT [19-23]. Larger and more reactive platelets secrete 
a variety of mediators of inflammation, thrombosis, and co- 
agulation such as neutrophil-activating peptide 2, interleukin-1, 
interleukin-6, P-selectin, intercellular adhesion molecule 2, Toll- 
like receptors, CD40, thromboxane A2 (TxA2), ADP and all of 
these mediators trigger platelet aggregation, inflammatory re- 
sponse, and tissue injury [9]. 

MPV, indicating a marker both inflammation and platelet reac- 
tivity, is also prognostic and predictive on recurrence in some 
cancer types via some mediators mentioned above. In malig- 
nant tumors, platelets can lead to tumor progression and angio- 
genesis. High MPV is associated with uncontrolled and meta- 


static disease [24-29]. Therefore, in this study, we excluded the 
un-operated and metastatic patients due to a probable rise in 
MPV value. In addition to patients with acute or chronic inflam- 
matory disease and patient with a history of MI, and with an 
ejection fraction lower than 55% were excluded. After excluded 
conditions which might be the cause of platelet reactivity, we 
found increased MPV levels after completion of doxorubicin 
chemotherapy. 

As previously shown in preclinic studies anthracyclines may 
cause a rise in the level of prostaglandins, thromboxanes, and 
leukotrienes through altering arachidonic acid metabolism [30]. 
And also preliminary data suggested that PAF may contribute 
to anthracycline toxicity. PAF is a strong activator for throm- 
bocytes aggregation and a strong inducer of granules secreted 
from the thrombocytes [31]. Active thrombocytes release TxA2 
and ADP, and this mediates the primary aggregation of the 
other pro-coagulation factors. Both granules are secreted from 
thrombocytes and appeared the TxA2 via released arachidonic 
acid from the cell membrane leading to irreversible thrombo- 
cyte aggregation. In this regard, the main question of this study 
is “Could MPV, which is an indicator of activated thrombocyte, 
be a predictive biomarker in anthracycline-induced platelet re- 
activity and long-term atherosclerosis”. According to our study 
anthracycline treatment had a positively increasing effect on 
the level of MPV. Therefore, anthracycline may cause long-term 
atherosclerosis and cardiotoxicity through thrombocyte reac- 
tivation when evaluated with present preclinic studies. Also, 
metabolic syndrome parameters related to atherosclerosis 
were previously shown to get worse in the breast cancer pa- 
tients receiving adjuvant anthracycline [32]. When our study is 
evaluated with previous studies, we have suggested that an- 
thracyclines may cause long-term cardiotoxicity by provoking 
atherosclerosis. 

The major limitations of this study are the retrospective design 
and hereby lack of assessment of other cardiac biomarkers to- 
gether. At the same time, there is also a need for clinical and 
radiological demonstration of the development of atheroscle- 
rosis that may develop many years later. However, this study 
has importance to be the first clinical study showing increased 
MPV after the anthracycline chemotherapy. This study can pave 
the way for designing new prospective studies in this manner. 


Scientific Responsibility Statement 

The authors declare that they are responsible for the article’s 
scientific content including study design, data collection, analy- 
sis and interpretation, writing, some of the main line, or all of 
the preparation and scientific review of the contents and ap- 
proval of the final version of the article. 


Animal and human rights statement 

All procedures performed in this study were in accordance with 
the ethical standards of the institutional and/or national re- 
search committee and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical standards. No ani- 
mal or human studies were carried out by the authors for this 
article. 


Funding 
None 


Journal of Clinical and Analytical Medicine | 185 


Assessment of anthracycline-induced cardiotoxicity via MPV 


Conflict of interest 

None of the authors received any type of financial support that 
could be considered potential conflict of interest regarding the 
manuscript or its submission. 


References 

1. Gewirtz DA. A critical evaluation of the mechanisms of action proposed for the 
antitumor effects of the anthracycline antibiotics adriamycin and daunorubicin. 
Biochem Pharmacol. 1999;57:727-41. 

2. Accordino MK, Neugut Al, Hershman DL. Cardiac Effects of Anticancer Therapy 
in the Elderly. J Clin Oncol. 2014; 32: 2654-61. 

3. Swain SM, Whaley FS, Ewer MS. Congestive heart failure in patients treated 
with doxorubicin: a retrospective analysis of three trials. Cancer. 2003;97:2869- 
79, 

4. Fogli S, Nieri P, Breschi MC. The role of nitric oxide in anthracycline toxic- 
ity and prospects for pharmacologic prevention of cardiac damage. Faseb J. 
2004;18:664-75. 

5. Nikitovic D, Juranek |, Wilks MF, Tzardi M, Tsatsakis A, Tzanakakis GN. An- 
thracycline-dependent cardiotoxicity and extracellular matrix remodeling. 
Chest. 2014;146:1123-30.6. Sawyer DB, Peng X, Chen B, Pentassuglia L, Lim CC. 
Mechanisms of anthracycline cardiac injury: can we identify strategies for cardio- 
protection? Prog Cardiovasc Dis. 2010;53:105-13.7. Zhang YW, Shi J, Li YJ, Wei L. 
Cardiomyocyte death in doxorubicin-induced cardiotoxicity. Arch Immunol Ther 
Exp (Warsz). 2009;57:435-45.8. Calderone A, de Champlain J, Rouleau JL. Adria- 
mycin-induced changes to the myocardial beta-adrenergic system in the rabbit. J 
Mol Cell Cardiol. 1991;23:333-42. 

9. Olson RD, Mushlin PS. Doxorubicin cardiotoxicity: analysis of prevailing hypoth- 
eses. FASEB J. 1990; 4: 3076-86. 

10. Thompson CB, Eaton KA, Princiotta SM, Rushin CA, Valeri CR. Size dependent 
platelet subpopulations: relationship of platelet volume to ultrastructure, enzy- 
matic activity, and function. Br J Haematology. 1982; 50: 509-19. 

11. Tsiara S, Elisaf M, Jagroop IA, Mikhailidis DP. Platelets as predictors of vascu- 
lar risk: is there a practical index of platelet activity? Clin App! Thromb Hemost. 
2003; 9: 177-90. 

12. Yuksel Kalkan G, Gir M, Baykan AO, Ucar H, Elbasan Z, Sahin DY, et al. Mean 
platelet voliime is associated with aortic intima-media thickness in patients with- 
out clinical manifestation of atherosclerotic cardiovascular disease. Anatol J Car- 
diol. 2015;15:753-8. 

13. Molinaro M, Ameri P, Marone G, Petretta M, Abete P, Di Lisa F, et al. Recent Ad- 
vances on Pathophysiology, Diagnostic and Therapeutic Insights in Cardiac Dys- 
function Induced by Antineoplastic Drugs. Biomed Res Int. 2015; 2015: 138-48. 
14. Lépez-Miranda V, Herradén E, Gonzalez C, M, Martin |. Vascular Toxicity of 
Chemotherapeutic Agents. Current Vascular Pharmacology. 2010; 8: 692-700. 

15. De Vos FY, Willemse PH, de Vries EG, Gietema JA. Endothelial cell effects of cy- 
totoxics: balance between desired and unwanted effects. Cancer Treat Rev. 2004; 
30: 495-513. 

16. Chung R, Maulik A, Hamarneh A, Hochhauser D, Derek J, Hausenloy J, et al. Ef- 
fect of Remote Ischaemic Conditioning in Oncology Patients Undergoing Chemo- 
therapy: Rationale and Design of the ERIC-ONC Study-A Single-Center, Blinded, 
Randomized Controlled Trial. Clin Cardiol. 2016; 39: 72-82. 

17. JS Dickey, VA Rao. Current and Proposed Biomarkers of Anthracycline Cardio- 
toxicity in Cancer: Emerging Opportunities in Oxidative Damage and Autophagy. 
Current Molecular Medicine. 2012; 12: 763-71. 

18. Mazurov AV, Ziuriaev IT, Khaspekova SG, lakushkin VV, Sirotkina OV, Ruda Mla. 
Factors influencing platelet aggregation in patients with acute coronary syn- 
drome. Ter Arkh. 2014;86:83-9. 

19. Muscari A, Puddu GM, Cenni A, Silvestri MG, Giuzio R, Rosati M, et al. Mean 
platelet volume (MPV) increase during acute non-lacunar ischemic strokes. 
Thrombosis Research. 2009; 123: 587-91. 

20. Berger JS, Eraso LH, Xie D, Sha D, Mohler ER. Mean platelet volume and preva- 
lence of peripheral artery disease, the national health and nutrition examination 
survey, 1999-2004. Atherosclerosis. 2010;213:586-91. 

21. Chu SG, Becker RC, Berger PB, Bhatt DL, Eikelboom JW, Konkle B, et al. Mean 
platelet volume as a predictor of cardiovascular risk: a systematic review and 
metaanalysis. Journal of Thrombosis and Haemostasis. 2010;8:148-56. 

22. Sansanayudh N, Numthavaj P, Muntham D, Yamwong S, McEvoy M, Attia J, et 
al. Prognostic effect of mean platelet volume in patients with coronary artery dis- 
ease. A systematic review and meta-analysis. Thromb Haemost. 2015;114:1299- 
309. 

23. Lai HM, Chen Q), Yang YN, Ma YT, Li XM, Xu R, et al. Association of mean plate- 
let volume with impaired myocardial reperfusion and short-term mortality in- 
patients with ST-segment elevation myocardial infarction undergoing primary 
percutaneous coronary intervention. Blood Coagul Fibrinolysis. 2016; 27: 5-12. 
24. Mutlu H, Eryilmaz MK, Musri FY, Gunduz S, Salim DK, Coskun HS. Mean Platelet 
Volume as an Independent Predictive Marker for Pathologic Complete Response 
after Neoadjuvant Chemotherapy in Patients with Locally Advanced Breast Can- 
cer. Asian Pac J Cancer Prev. 2016;17:2089-92. 

25. Rupa-Matysek J, Gil L, Kroll-Balcerzak R, Baranska M, Komarnicki M. Mean 
platelet volume as a predictive marker for venous thromboembolism and mortal- 
ity in patients treated for diffuse large B-cell lymphoma. Hematol Oncol. 2017; 
35(4):456-64. 

26. Xu L, Zhou X, Wang J, Zhu W, Liu P. The hematologic markers as prognostic fac- 


tors in patients with resectable gastric cancer. Cancer Biomark. 2016;17(3):359- 
67. 

27. Mantas D, Kostakis ID, Machairas N, Markopoulos C. White blood cell 
and platelet indices as prognostic markers in patients with invasive ductal breast 
carcinoma. Oncol Lett. 2016;12:1610-4. 

28. Tanriverdi O, Menekse S, Teker F, Oktay E, Nur Pilanc K, Gunaldi M, et al. The 
mean platelet voliime may predict the development of isolated bone metasta- 
ses in patients with breast cancer: a retrospective study of the Young Research- 
ers Committee of the Turkish Oncology Group (TOG). J BUON. 2016;21:840-50. 
29. Pyo JS, Sohn JH, Kang G. Diagnostic and prognostic roles of the mean plate- 
let volume in malignant tumors: a systematic review and meta-analysis. Plate- 
lets. 2016;9:1-7. 

30. Das UN.Possible role of prostaglandins in the pathogenesis of cardiomyopa- 
thies. Med Hypotheses. 1981;7:651-7. 

31. Shukla SD. Platelet activating factor receptor and signal transduction mecha- 
nisms. FASEB J. 1992;6:2296-301. 

32. Bicakli DH, Varol U, Degirmenci M, Tunali D, Cakar B, Durusoy R, et al. Adjuvant 
chemotherapy may contribute to an increased risk for metabolic syndrome in pa- 
tients with breast cancer. J) Oncol Pharm Pract. 2016;22:46-53. 


How to cite this article: 

Aktas G, Kus T, Kus E, Sucu M, Sahin HH, Pehlivan M. Assessment of platelet 
reactivity after the anthracycline-based chemotherapy via mean platelet volume: 
Does it act on anthracycline-induced cardiotoxicity? ) Clin Anal Med 2018;9(3): 
183-6. 


186 | Journal of Clinical and Analytical Medicine 


